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ON THE STABILITY AND CONTROL CHARACTERISTICS OF A 
0.015-SCALE SPACE SHUTTLE.. QRBITER MODEL IN THE 
AMES RESEARCH CENTER 3.5-FOOT HYPERSONIC WIND TUNNEL (OA73) 

By T-. J. Dziubala end John Marroquin 
J. W. Cleary* and J. A. Mellenthin* 

ABSTRACT 

An experimental investigation was performed in the Ames Research 
Center 3.5-Foot Hypersonic Wind Tunnel (Test 0A73) to obtain detailed 
effects which interactions between the RCS Jet flow field and the local 
orbiter flow field have on orbiter hypersonic stability and control char- 
acteristics. Six-component force data were obtained through an angle- 
of-attack range of 15 to 35 degrees with 0° angle of sideslip. The test 
was' conducted with yaw, pitch and roll Jet simulation at a free-stream 
Hach number of 10.3. These data simulate two (2) SSV re-entry flight con- 
ditions at Mach numbers of 28.3 and 10.3. Fuselage base pressures and 
pressures on the non-metric RCS pods were obtained in addition to the 
basic force measurements. Model- 1+2-0 was used for these tests. 


• NASA Ames 
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HCKBHCLATORX 

Oeneral 


MBOL 

8AD6AC 

SOtBOL 

DVHXTIQH 

a 


a peed of sound; e/aec, ft/aec 

op 

CP 

pressure coefficient; (p^ - p»)/q 

M 

MACH 

Mach maker; V/s 

P 


pressure; l/n 2 , psf 

4 

<4(HSM) 

Q(PSF) 

dynamic pressure; l/2pV®, i/a 2 , psf 

rb/l 

rh/l 

unit Reynolds nuaber; per a, per ft 

V 


velocity; n/ MC > ft/sec 

a 

ALPHA 

angle of attack, degrees 

fi 

am 

angle of sideslip, degrees 

if 

PSZ 

angle of yew, degrees 

4 > 

PHI 

angle of roll, degrees 

P 


■ess density; kg/n^, slugs /ft 3 



Reference h C.Q. Definitions 

Ab . 


base eras; ■?, ft 2 

b 

nv 

wing span or reference spaa; a, ft 

e.g. 


center of gravity 

4a v 

e 

UtKP 

reference length or wing aean 
eerodynaalc cbord; a, ft 

8 

SRXT 

wing area or reference area; ■?, ft 2 


MRP 

aonsnt reference point 

X c« 

XMRF 

aoaent reference point on X eda 

ZMRP 

meat reference point on X sale 

*C. . .. 

2MRP 

■onset reference point on Z axle 

8QJ8BCRIWS 

b 

1 

' a 
t 
• 

base 

local 

static conditions 
total conditions 
free stress 


k 



3ADSAC 
SYMBOL SYMBOL 

q, a 
c A CA 
Ojf CY 
CA b CAB 




NOMENCLATURE (Continued) 
ADDITIONS TO STANDARD LIST 


PLOT 


SYMBOL 

SYMBOL 

DEFINITION 

N 


QMS pod base area, ft 2 

Pt 


freestreea total pressure, psla 

Po 

PC 

model RCS plenum chamber pressure, psla 



freestrean total tesiperature, ®R 

R/ft 

RN/L 

freestream unit Reynolds number, per foot 

Xcp/t B 

XCP/L 

longitudinal center of pressure location, 
fraction of body length 

«Bp 

BDPLAP 

body flap deflection angle, deg. 

«• 

ELEVON 

eleven deflection angle, deg. 

6 sb 

SPDBRK 

speed brake deflection angle, deg. 

e 

EPSILON 

model (MS nozzle expansion ratio 
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INTRODUCTION 


Investigations were performed, to determine interaction effects of 
ht action Control System (RCS) flow on-the aerodynamic characteristics of 
the Space Shuttle Vehicle (SSV) orbiter. These tests were performed in 
the Ames Research Center (ARC) 3.5-Foot Hyperconic Wind Tunnel on a 0.015- 
scale model of the SSV Configuration 3L orbiter. Orbiter model U2-0 was 
used for this test. 

Nominal freestream test conditions were Mach • 10.3 and a unit 
Reynolds number of l.?U million per foot. 

These test data are applicable to two points in the reentry trajectory 


M 

q-psf 

•R x 10 6 

Altitude -ft 

28.3 

20 

0.688 

253.000 

10.3 

106.7 

5.89 

168,000 


Complete simulation of the RCS Jet/free-stream interaction would 
require exact duplication of both the above conditions and the mass flow 
ratio, momentum, pressure, thrust and plume Bhape of the RCS Jets. The 
simulation or all these conditions in a scaled-model test is not possible 
and, therefore, those conditions which were considered of primary signif- 
icance' vere simulated. 

The Hypersonic Mach Number Independence Principle (reference 12, 
which states that at very large values of M a the 'flow pattern and pressure 
coefficients on a body are independent of M a ) was used as a basis for 
applying results obtained at M » 10.3 to the M • 28 case. 

Baaed upon the Secondary Injection Momentum Principle for injection 
* Reynolds number based on orbiter length (10T.5 ft.) 
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of a Jet perpendicular to the free-stream, the dominant parameters affect- 
ing interaction forces are the Jet momentum and Jet pressure. Mass flow 
rate ratio and Jet plume shape are less important parameters. Thus , the 
design of the model nozzles was based entirely on matching Jet to free- 
s t re am pressure ratio and momentum ratio. 

PCS flow was simulated by blowing Jets of cold air from non-metric 
nozzles, attached to the model support sting, in proximity to the fuselage 
base. Nozzle combinations which represented pitch, roll, and yaw controls- 



were tested in conjunction with various elevon and body flap control set- 
tings. Pitch-up and pitch-down control was simulated with Jets flowing 
only on one side of the model on the assumption that the Induced effects 
for-two aides blowing would be twice as great. 

The RCS nozzle hardware was designed, built and calibrated by the 
Convalr Division of Oeneral Dynamics, Inc. at San Diego, California. 

Nozzle thrusts were measured using a a ingle- component strain-gauge balance. 
All nozzles except were calibrated at ambient atmospheric conditions 
and corrected to vacuum conditions. The N^ nozzle was calibrated under 
near vacuum conditions because of its high expansion ratio. Mass flow 
rates were measured using a calibrated orifice meter. Plots of the thrust 
calibration data, and corresponding theoretical variations, are presented 
In table V. ' 

For the in- tunnel tests, six-component force data were measured using 
the ARC/Task MK XIV B, 1.0-inch diameter internal balance which was sup- 
ported by ARC sting No. A139UO60. Pressure taps were located within 



the RC3 plenum, at five points on the plenum base and at one point on the 
fuselage base (see figure 2d). Model RCS plenum pressure was set to ob- 
tain desired momentum ratio and pressure ratio on the baaia of the thrust 
calibrations provided by General Dynamics. 

Normal force static check calibrations* obtained prior to and imme- 
diately following each run, indicated minimal output drift but both side 

_ .j* 

force gauges 'and the rolxing moment gauge exhibited consistent, positive 
shifts, on the order of 1/2% of full scale output throughout the test. 

The character of these shifts is indicative of thermal stresses induced 
by heating of the model and balance during the course of each run. Axial 
force zero shifts were generally within 1/2J of full scale; however for 
runs 1?, 16, 20, 22 to 25, and 27 zero shifts of magnitudes ranging from 
1/2% to nearly 7% of full scale occurred. The cause of these shifts was 
not determined but, since the axial force data were of secondary importance 
to this test, the balance was -not replaced. For these runs -the level of 
axial force was adjusted so that with the air of the RCS Jets off the 
axial force conformed with data for other runs known to be valid. This 
adjustment was made primarily to improve the estimates of pitching moment 
since pitching-moment data is influenced secondarily by the axial force 
when moments are transferred to the center of gravity. 

Prior to each run, data were recorded with RCS Jets flowing (no tun-- 
nel flow) to determine direct impingement effects. With the tunnel flow- 
ing, data were then recorded with RCS flow both .Si and on at each 5° 
increment of angle of attack m the range from 15° to 35°. Thus, even 
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though »-i** balance exhibited a lgn i fi cant, shirts th*.- Incremental dntn 
due to RC'.' flow witn the pornibie exception of the axial force data, 
•hould be valid since corresponding Jet off and Jet on points were re- 
corded within a relatively short, time span. 

Surface flow patterns of the combined tunnel and RCS flows on the 
surface of the model were obtained using a mixture of titanium dioxide 
and oil. Shadowgraph pictures were taken at selected test points. 

Seven oil-flow runs and 2 6 valid force runs wens made in the interim 
of July 11 to 1C, 1973. 
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CONFIGURATIONS INVESTIGATED 


The test article, provided by Rockwell, was a 0.015-scale model 
(number 1*2-0) ox’ the ‘.L70-000139B SSV orbiter Configuration 3. A three- 
view sketch of the model, showing the principal dimensions, and photographs 
of the model installed in the tunnel and the RCS hardware are shown in 
figures 2b and 3. 

The model was constructed of Armco 17-1* stainless steel and was com- 
prised of the following parts: fuselage, canopy, wing and cuff, vertical 

tail and orbital maneuvering system (OMS) pods. Elevon brackets for 0°, 

♦15°, -20° and -1*0°, body flaps with deflections of 0°, +13.75° end -1U.25®, 
and a ruddei with a simulated 1*0° speed brake deflection were tested. 

The RCS plenum was clamped to the sting at the base of the modei; 
air loads acting on it and forces produced by the RCS Jets were not mea- 
sured by the balance. Five interchangeable nozzles, simulating pitch, 
yaw and roll controls as defined in figure 2c, were built and calibrated 
by the Convalr division of General Dynamics. 

The following nomenclature was used to designate the model corn- 
components : 

Component Definition 

B.q Vehicle configuration 3 (139B) fuselage of the 

SSV orbiter configuration (VL70-000139B) 

C ? Basie vehicle configuration 3(139) canopy (VL70-000139) 

E o-a Elevon on vehicle configuration 3 (139B) wing 

(VL70-000139B) 
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Basic vehicle configuration 3 (J3°) body flap 
( VL70-0OC139 ) 


Modified OMS-RCS pod for the Rockwell International 
SSV configuration 3 (VL70-000139B) 


Twin LH yaw nozzle sized to simulate the center two 
prototype 3 configurations (VL70-0001U0A) RCS yaw 
engines when tunnel Mach No. equals M — for proto- 
type trajectory 

Twin LH yaw nozzle sized to simulate the center two 
prototype 3 configurations ( VL70-0001U0A) RCS yaw 
engines at ■ 28.3 q^ * 20 psf with tunnel Mach 
No. equal to 10.3 

Twin Iii pitch down nozzle sized to simulate the 
forward two prototype configuration 3 (VL70-000ll*0A) 
aft RCS pitch down engines at » 28.3, q_ * 20 
psf with tunnel Mach No. equal to 10. 3. (Nozzles 
are canted 12° aft and 20° outboard) 

Same as N 21 , except nozzles are pointed straight down 


Twin RH pitch up nozzle sized to simulate the for- 
ward two prototype 3 configurations (VL70-0001U0A) 
aft RCS pitch up engines at 28:3, a “ 20 psf 
with tunnel Mach No. equal to 10. 3. (Nozzle are 
pointed straight up) 


Complete orbiter configuration consisting of B.. C_ 
F 5 M 6 V 7 *5 W 107 =23 


Basic vehicle configuration 3 (139) rudder for 
vertical tail (VL70-000139) 


Basic vehicle configuration 3 vertical tail- 
(VL70-000139) 


Vehicle configuration 3 (139B) wing (VL70-0C0139B) 


TEST FACILITY DESCRIPTION 


The test program was conducted in air in the Ames 3.5-Foot Hypersonic 
Wind Tunnel. This facility is a blowdown-type tunnel that utilizes a 
pebble-bed heater to heat the air, and axisymmetrie contoured nozzles to 
provide flow Mach numbers of 5-3, 7*^» and 10. 4. The nozzle walls are 
insulated from the hot air stream by Injecting helium into the nozzle 
boundary layer through annular slots upstream of the throat. The tunnel 
is equipped with a model quick-insert mechanism for quickly moving models 
into and out of the air stream. 

A high-speed, an alog-to- digital data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 thermocouples and/or other types 
of transducers in addition to 20 channels of tunnel parameters. 
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DATA REDUCTION 


Force and moments measured by the-balanee were resolved about body 
and stability axes and reduced to dimensionless coefficients by standard 
ARC data reduction methods. Corrections applied to the data include model 
static weight tare, balance and sting deflections and tunnel flow inclina- 
tion. No adjustments were made to axial-force or drag coefficients for 
model base drag. Direct impingement force data, obtained without tunnel 
flow, were reduced to coefficients using the average dynamic- pressure of 
the corresponding tunnel-on run. 

Center-of-pressure location was computed in percent of body length 
bys 

X CP^B ” (X CG " \ 

where 

Xgj, * location of reference center of gravity-aft of. -model nose. 

/g » body length, inches 

Reference Dimensions and Constants are as lollowat. 


Symbol 

Definition 

Value 


Fuselage base area, CMC pods on 

0.045 ft 2 


Fuselage base area, 0M5 pods off 

0.047 ft 2 

\ 

RCS pod area (two pods) 

0.019 ft 2 

b 

Span, wing 

14.050 in. 

X CG 

Reference C.G. 

12.58 in. 
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VWJV * • — jfc* :•>*(■ rr-*» '■ .-IN»^>.v' w rf=. »•*»*<. <^V~T “ffj't : 
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■31 


w 

j' 
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DATA REDUCTION (Concluded) 


\ 

i 

Symbol 

Definition 

Value 

i 

Z CG 

Reference C.G. 

FRL (Z-6.00) 


CL BAL X 

Center, balance force, measured from 
X Q = 0, See Figure 8. 

16.63 in. 

I 

CL BAL 2 

Centerline, balance 

W.L. 5.85 in. 

-\ 

c 

MAC, wing 

7.122 in. 

V 

jC 

* 

4 

Reference body length 

19.35 in. 

» 

S 

Area, wing (ref. ) 

0-.605 ft 2 





i 

I 

v 

i 


\ 

i 

\ 
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TABLE I 


TEST : OA73 m/ * 7 ) 1 


TEST CONDITIONS 


MACH NUMBER 


REYNOLDS NUMBER DYNAMIC PRESSURE 
(per unit length) (pounds/#). inch) 


AGNATION TEMPERATURE 
(decrees Fahrenheit) 


l.*T2 x iO b 




/jr+o 


BALANCE UTILIZED: 


ARC /Task. A*. MK XZZ* B 


CAPACITY: 
Boo /A 


ACCURACY: 




COEFFICIENT 

TOLERANCE: 


j,tO t *.*. 


COMMENTS: /V«r<*«Af AajUwce *i K.V1V* A»jA«r 

M/««i tidm. 4rtt »>n«/ ymujtn^ Kf/ttf."/ 

StnJt d*t. A A*»f***-6i**. •, euxeutue *.*m/ 4rcc 

*Mfs eccur-rmd *n ru*i 17. 
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TEST RUN NUMBERS 
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DATA SET/RUN NUMBER COLLATION SUMMARY 


TEST RUN NUMBERS 
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SET. RUN NUMBER COLLATION SUMMARY 
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TAjiLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY - B19 

GENERAL DESCRIPTION: Fuaelago, Configuration 3, per Rockwell LAnoe 


VL70-000139B. 


NOTE: Identical to 

Byf except forebody. 



Model Scale ■ .OlS 

DRAWING NUMBER: 

VL70-000139B 



DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Length - IN. 

i 

1290.3 

19 -15450 

Mm. Width - in. 


267.6 

4.0140 

Mm. Depth - in. 



3.06750 

Fineness Ratio 


1.82175 

L. 82175 

Area - ft 2 

Mm* Cross-Sectional 

386.67 

0.08700 

Planfone 




Wetted 





Bm 


i 


•i 



I 
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JABI£ III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT* Canopy - C7 ! ■ 

4 

• » 

GENERAL DESCRIPTION* Configuration 3 per Rockwell Unas VL70-000139 


Nodal Soala » .015 

> _ 

DRAWING NUMBER VL7Q-000n<? ___ 

DIMENSION : PULL SCALE MODEL SCALE 

length (Xo - 433 to X 0 - 670) - in. PS 237 3.5SSO 

Mom Width _ 

Mo* Depth (Z 0 ■ to Z 0 - 501) - la PS _____________ 

Fineness Ratio 

■ ii m m ■ ■■ i. i i 

Area 


Mo* Cross-Sectional 
Plan form 

Wetted 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: ELEVOW - E23 

6ENERAL DESCRIPTION: Configuration 3 per W1Q7 Rockwell Lima 

VL7Q-6001393 , data for (1) of (2) sides 


Modal Seale “ .015 


DRAWING NUMBER: VL707000139B 


DIMENSIONS: 

Am - FT 2 

Span (equivalent) - in. 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio novable surface chord/ 
total surface chord 

At Inb'd equlv. chord 

At Outb'd equlv. chord 

Sweep Back Angles, degrees 

..Lehdlng Edge ’ 

Tailing Edge 

Hingellne 

Are* Moment (Normal to hinge line)- ft^ 
Product of Area Moment 


FULL-SCALE 

- y ?«? 2 

-25lr2k 

1^«78 


tZ& 

. 100 

0.00 
- 10; 21 
0.00 
1S18.07 


% 


MODEL SCALE 

0 .04424 
S >20010 
1.72170 
0.8250 


.200 

.100 

0.00 

- 10.21 

0.00 

0.00522 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT* F5 Body F lap 


GENERAL DESCRIPTION: 3 Configuration per Rockwell lines VL70-000139 


Seale Model «* . )1S 


DRAWING NUMBER 


VL70-000139 


DIMENSION: 


FULL SCALE MODEL SCALE 


Length - in 
Mok Width - la 
Max Depth 
Fineness Ratio 
Area - Ft* 

Mox Cross-Sectional 

Ptonfbrm 

Wetted 


84.70 

267.6 


38.0958 


1.270S 

4.0140 


0.008S7 


V; 


TABLE Til. - MODEL DIMENSIONAL DATA - Continued. 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT : 0MS **** (W6) 

GENERAL DESCRIPTION Basic Configuration 3A QMS pods with non-metri c 
RCS engine housing and nozzles. Same geometry as ML. 


DRAWING NUMBER : - VL70-000139B 


DIMENSIONS : 

Length 
Max Width 
Max Depth 
Fineness Ratio 
Arta 

Mux. Cross-Sectional 
Planform 

Wotted 

Base 


FULL SCALE MODEL SCALE 


346.0 5 <1900 

108.0 1,620 

113.0 1.695 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: NOZZLES - Wig 


GENERAL DESCRIPTION: 


isic cor 


ration 


3HS Noza 


Simulation, of Taw Control (lateral Thrust) at Mach 10.3 Entry Condition 


MODEL SCALE ■ 0.015 

DRAWING NO. 


DIMENSIONS 


MODEL SCAIE 


Preestrcstt Mach No. 10.3 

No. of nosales (Left Side Only) 
Expansion Ratio 

Diameter ~ in. 

Exit. 

Throat 

i ~ * * - 

Aroa~3N^. 

Exit 

• Throat 

Thrust Centerline 


Direct Scaling 

not Applicable 0.1440 


0.0437 



.00151 




472.5 - 


7.087 


TABLE III. - MODEL DIMEIi.'IONAL DATA - Continue*. 

MODEL COMPONENT: NOZZLES - N2 0 

GENERAL DESCRIPTION: .Basic .Configuration 3A (VL70-OOOI39B) OHS Mottles with Cold Jet 

jitlon of Yaw Control (Lateral Thrust) at Mach 28,3 Entry Condition 


MODEL SCAIE - 0,01$ 

DRAWING NO. 

DIMENSIONS 

Freestream Mach No. Simulation 28.3 

No. of no 2 sles (Left Side" Only)', 

Expulsion Ratio " '■ 

• 

Diameter^ in. * . 

Exit 

Throat 

i 

Area~J*\ 2 . 

Exit 
• Throat 

Thrust Centerline 
X F.S. 

1 

Z W.L. , 


FPU. SCALE MODEL SCAIE 


2 2 


bm 


Direct Scaling. 

• Not Applicab le 0.1A40 

.... ' 0.133C 


0.1629 


JL 0.01405 


1533.0 22.995 


472.5 - 7.087 
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TABLE III. - MODEL DIMENSIONAL -DAT A - Continued. 

MODEL COMPONENT: NOZZL E S - W2i ■ * " ■ 1 

GENERAL DESCRIPTION: Basic Conf i guration 3A ( VL7Q-QQQ13Sg lJ21 1£ - lift fift i es W i tk . 1 

Simulation- of Combined Yaw/Roll Contro l (Thrust Canted 12 Decrees . Aft ar>d 20 _ D « 

Outboard) at Each' 28.3 Ihtry Condition — 1 

MODEL SCALE =» °« 01 5 ! — — — 


DRAWING KO. 


dimensions 


Free stream Mach No. 


No. of nozzles (Left Side Only) . 
_ Expansion Ratio 


MODE? SCALE 


Diameter ~ in. 


Throat 


Area ~in“. 


. Throat 


Direct Scaling 

Not Applicable 0.1440, 


0.1338 



0.01629 HI* 


0.C1405 HI* 


Thrust Centerline 


2 W.L. 


1533.0 
116.7 
472.5 - 


22.99? 

1.750 

7.087 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: NOZZLES - Wio 

'IENERAL DESCRIPTION: Basle Configuration 3A 17170-0001393) Nozzles with Cold Jet 

Simulation of Boll Control (Vertical Thrust) at Mach. 28.3 Ihtnv c<w^tipT>. Taft side 
Nozzles 

MODEL SCALE - 0.015 * 

DRAWING NO. 

DIMENSIONS FOIL SCAIE MODEL SCAIS 

Freestream Mach No. simula tion 28.3 


No. of nozzles “ (Left Jside 
Expansion Ratio 

Diameter ~ in. 


Exit 

Throat 



Area ~ »n 2 . 

Exit 
• Throat 

Thrust Centerline 
X F.S. 

I B.P. 

Z 


2 : 2 _*_ 

— •■■■.srs , lOSS 

Direct Sealing 
' Not Applica ble 0.1440 

. . ‘ 0.133* 


.01629 

.01405 


1533.0 22.995 

116.7 1.750 

1- . — ' ) 
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T/u'Ll’. hi. . MODEL DIME11SIOHAL DATA - Continue rj. 


MODEL COMPONENT: BIDDER - R5 • 

6ENERAL DESCRIPTION: 2A, 3 end 3A Configuration per Rockwell Lines 


VL70-000095 


• 


Model Scale *> .015 



DRAWING NUMBER: VL70-Q00095 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area - FT 2 

106.36 

0.024 

Span (equivalent) - IN. 

201.0 

-.1,913 

Inb'd equivalent chord 

91.585 

1^74 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

50.833 

0.762 

At Inb'd equlv. chord 

O.LOO 

O.LOO 

At Outb'd equlv . chord 

O.LOO 

— aa. 

Sweep Back Angles, degrees 

* 

’ 

Leading Edge 

.. . 34:83 . 

31.83 

Tailing Edge 

2§j25. . 

26,25 

Hingeline 


34,83 

Area Moment (Normal to hinge line). FT^ 
Product of Area and Mean Chord 

S2L21 

o.oo?.e 


3 ^ 








• • 


TAjLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: VERTICAL - V 


GENERAL DESCRIPTION: 


J>nt*r 


tail, doublewed^e airfoil 



d leading ed*»e 


Same t.s V5, but' vrith manipulator housin'* removed. 


DRAWING NUMBER: 


DIMENSIONS 


TOTAL DATA 


VL7Q.-00013 


FULL-SCALE 


SCALE 


Area (Theo) Ft fc 
Pi inform 
Span (Theo) In 
Aspect Ratio ' 

Rate of Taper 
Taper Ratio 

Sweep Back Angles , degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) WR 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. Of .25 MAC 
B. L. Of .25 MAC 
Airfoil Section 

Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 






'it .l.r. 111. - MODEI. Dill... SI OilAI . DATA - i" i.clu<l< 

MODEL COMPONENT : VIIHG-W . f ,- 

GENERAL DESCRIPTION : Conl'l'-uratlon 3 t-«r- HnckwelL Lines VI . 70 POOl^n 

NOTE: Same as V/103. er.au* cuff, airfoil and .incidence atyrlti . 


Model Scale ° .015 


TEST NO. 

DIMENSIONS: 

TOTAL DATA - 

' Area (Theo.) Ft z 
Planform 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees (e TE of Elevon) 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) B.P.O.C. 

Tip, (Theo) B.P. 

MAC 

Fits. Sta. of .25 MAC 
. W.P. Of .25 MAC 
B.L. Of .25 MAC 
EXPOSED DATA - 
Area I Theo) Ft 4 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip. 1.00 b 

MAC ^ 

Fus. sta. of .25 MAC 
H.P. JOf .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root £ ■ 

Tip b - 

2 

Data for (1) of (2) Sides 
Leading Edge Cuff 9 
Planform Area Ft z 

Leading Edge Intersects Fus M. L. • Sta 
Laading Edge Intersects *ltng 0 Sta 


DWC. NO. VI.7Q-0C0n9P 

FULL-SCALE MODEL SCALE 


2690.00 

— 2.265. 

1.172. 

0*222- 

3,m 

o.sno 

+1.Q0Q 


„_j*5*m 

— -lo.a. 

25*202.- 

— jtes^au- 
.,137.85— 

L7L.61. 

-1136.63,- 
„ 299.22, 
...1S2.13.. 

1752.29 

2 053 

562. LO 
393.03 




0.60525 
l^r 9505^0 

-2,243 

- 1*122 

n. son 

-3*522 

—0*522— 
± 2*222 

AS. OOP 
-00*25 

35.209 


10.33660 

7.12215 

JULS&US. 
<•*880 
2 .73195 

0.39426 

0.2L51 * 


-231.76. 


8.436QL. 

2.06775 

5 .89545 
17—33965 

d-soio 

3.7764 


0.10 
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IQfll.l 


Jr ?8SS— 
15,1512- 
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(a) SSV Orbiter VL70-000139B Model nomenclature 
Figure 2. - Model sketches. 










YAW CONFIGURATION 


THROAT 









IB 


EXPANSION 

RATIO 

NOTES 

10.81 

L/H FIRING NOZZLES 
SIMULATING M - 10.3 
FLIGHT CONDITIONS 

1.1S9 

SIMULATING M. • 28.3 
TLIGHT CONDITIONS 


TWIN NOZZLE 
-*4 , U — .2 025" 


L/H FIRING 


r 

i 

EXIT 

•“■1 

» 

J 

't1 



THROAT DIA 


ROLL CONFIGURATION 


DASH I NO. OF 


Tlllf'AT 


EXPANSION 


NO. NOZZLES DIA. AREA DIA AREA RATIO 
(IN.) (IN. ‘T ( If..) (IN. 2 ) 


•21 Z 0.1338 0.0140S <> 1440 0.01629 1.159 




DOWNWARD FIRING L/H 

-22 | 2 | 0.1338 |o.O1405|0.144„|o.'Ut29| 1-159 ISotTn* 0 


2 I 0.1338 |0.0140S|0 144fl| 0 . OIMo] 1.159 | NOZZLES F POINTED /I 

TRAIGIIT UP 





(e) Details of RCS Nozzle Geometry 

Figure 2. - Continued. 
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Cb) RCS nozzles and related hardware 
Figure 3. - Concluded. 




ANGLE OF ATTACK. ALPHA. DEGREES 

FL0KF1ELD INTERACTIONS (YAK). EPSItONM 










ANGLE OF ATTACK. ALPHA. OEGREES 

FLOWF1ELO INTERACTIONS CYA«. E 











ANGLE OF ATTACK. ALPHA. OEGREES 

FI6. 4 EFFECTS OF RCS JET FUWFIELD INTERACTIONS CYAVJ. EPSIL0N=1 .159. 

(A)HACH = 10.29 PAG E 




ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 4 EFFECTS OF RCS JET FL0VFIEU5 INTERACTIONS (YAW). EPSIL0N=1 .159 

CA3MACH * 10.29 ' Pi 


















ANGLE OF ATTACK. ALPHA. DEGREES 

FL0KFIELD INTERACTIONS (YAK). E 
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FI6. 4 EFFECTS OF RCS JET FL8VFIELD INTERACTIONS (YAW). EPSIL0N=1 .159 



ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 4 EFFECTS OF RCS JET F10VFIELO INTERACTIONS (YAW), E 

‘ CAJHACH = 10.29 
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ANGLE OF ATTACK* ALPHA* DEGREES 

RCS JET FLOWFIELD INTERACTIONS (YAW). EPSIL0N=1 .159 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FLOWFIELO INTERACTIONS (YAW), EPSIL0N=1 .159 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FI6. 4 EFFECTS flF RCS JET FUWFIELD INTERACTIONS (TAW. EPSIL0NM.159 









ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 4 EFEECTS OF RCS JET F10WFIFL0 INTERACTIONS (YAW). EPSILON=l .159 

A) MACH = 10.29 











ANG' E OF ATTACK. ALPHA. DEGREES 

FLPWFIELD INTERACTIONS (YAW). EPSIL0N=1 .159 
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ANCLE OF ATTACK. ALPHA. DEGREES 

FLOWFIELD INTERACTIONS (YAW). EPS110NM.159 
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ANGLE OF ATTACK. ALPHA. OEGREES 

-FIS. 4 EFFECTS OF RCS JET FLGVFIEIO INTERACTIONS CYAV3. EPSIL0N=.U59 

(A)HACH = 10.29 ' Pi 





ANGLE OF ATTACK. ALPHA. DEGREES 

F RCS JET FL0VFIELD INTERACTIONS CYAN). E 
















ANGLE SF ATTACK. ALPHA. DEGREES 

FLWFIELO INTERACTIONS (ROLL). 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FCTS OF RCS JET FLOWFIELD INTERACTIONS (ROLL). EPS1LGN=I .159. 

10.29 PAGE 






ANGLE OF ATTACK, ALPHA. DEGREES 

FLOKFIELD INTERACTIONS (ROLL). 
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ANGLE OF ATTACK. ALPHA. OEGREES 

FIG* 5 EFFECTS OF RCS JET FLOWFIELD INTERACTIONS (ROLL). EPSIU 

(A)MACH = 1C. 2d 








angle of attack, alpha, oegrees 
FLOWFIELD INTERACTIONS (ROLL). 






ANGLE OF ATTACK. ALPHA. DEGREES 

FLOVFIEID INTERACTIONS (ROLL). 











ANGLE OF ATTACK. ALPHA. DEGREES 

FLOWFIELD INTERACTIONS (ROLL). 














ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 5 EFFECTS OF RCS JET FLOWFIELD INTERACTIONS (ROLL). EPSIL0N=1 .159. 

(A)MACH = 10.29 PAGI 







ANGLE OF ATTACK. ALPHA. DEGREES 

FLOWFIELD INTERACTIONS (ROLL). 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 5 EFFECTS OF RCS JET FLOWFIELD INTERACTIONS (ROLL). EPSIL0N=1 .159 

(A)MACH - 10.29 PAl 



ANGLE OF ATTACH. ALPHA. DEGREES 

FL0WF1ELD INTEK/.CTIONS (ROLL). 










ANGLE OF ATTACK. ALPHA. DEGREES 

FUWFIELD INTERACTIONS (ROLL). 




ANGLE OF ATTACK. ALPHA. 

FLOWFIELO INTERACTIONS 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FL0NFIELO INTERACTIONS (ROLL). EPSIL0N=I .159 








ANGLE OF ATTACK. ALPHA. DEGREES 

OF RCS JET FLOTFiaO INTERACTIONS (ROLL). EPSILBNM.159. 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FLOWFIELD INTERACTIONS (ROLL). 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 5 EFFECTS OF RCS JET FLOWFIELD INTERACTIONS (ROLL). EPS1L0N=1 .159. 

CAJMACH = 10.29 PAGE 



ANGLE OF ATTACK. ALPHA. OEGREES 

EFFECTS OF DCS. JET FUWFIEID INTERACTIONS (ROLL). EPSIL0N=l .159 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 5 EFFECTS OF RCS JET FLOWFIELD INTERACTIONS (ROLL). EPSIL0N=1 .159. 

(A)MACH = 10.29 PAGE 







angle of attack, alpha, degrees 

FIG. 5 EFFECTS OF RCS JET FL0KF1EL0 INTERACTIONS (ROLL). EPS1L0NM .159. 
















ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. G EFFECTS 0F RCS JET FUHFIELD INTERACTIONS (PITCH UP). EPS1L0NM .159. 



ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. G EFFECTS OF RCS JET FLOWFIELO INTERACTIONS (PITCH UP). EPSI10N=1 .159. 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. S EFFECTS OF RCS JET FLOVFIELD INTERACTIONS (PITCH UP). EPS1L0N=1 .159 

t AJNACH ■ 10.29 PAGE 





ANGLE OF ATTACK. ALPHA. DEGREES 

FLOVFIELO INTERACTIONS (PITCH U 








ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. G EFFECTS OF RCS JET FL0VF1ELD INTERACTIONS (PITCH UP). EPSIL0N=I .159. 

A)MACH =‘10.29 PAGE 



ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 6 EFFECTS OF RCS JET FLOWFIELO INTERACTIONS (PITCH UP). EPSIL0N=1 .159 

CAJMACH = 10.29 PAGt 






EFFECTS OF RCS JET FL0VF1ELD INTERACTIONS (PITCH UP). EPS I LON= 1 .1 59 . 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 7 EFFECTS OF RCS JET FLQWFIELO INTERACTIONS (PITCH DOVN). EPS1L0NM .159 
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ANGLE OE ATTACK. ALPHA. DEGREES 

FLOVFIELD INTERACTIONS (PITCH 0 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 7 EFFECTS OF RCS JET FLOWFIELD INTERACTIONS (PITCH DOWN), EPSILON- 1 .171. 

(A.1MACH = 10.29 wv - 
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ANGLE OF ATTACK. ALPHA. OEGREES 

FIG. 7 EFFECTS OF RCS JET FLOKFIELD INTERACTIONS (PITCH DOVN). EPSIL0N=l .159. 






ANGLE OF ATTACK. ALPHA. OEGREES 

FIG. 7 EFFECTS OF RCS JET FLGWFIELD INTERACTIONS (PITCH DOWN). EPSIL0N=1 .159. 

(A)MACH = 10.29 PAGE 101 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 7 EFFECTS OF RCS JET FUNFIELD INTERACTIONS (PITCH DOWN). EPSIL0N=1.159 
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ANGLE OF ATTACK. ALPHA. DEGREES 

.FIR. 7 EFFECTS OF RCS JET FLOWFIELD INTERACTIONS (PITCH DOWN). EPSIL0N=1 .159. 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 7 EFFECTS OF RCS JET FL0VF1ELD INTERACTIONS (PITCH DOWN). EPSILGN=i .1S3. 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FLOVFIELO INTERACTIONS (PITCH DOWN). EPSILONS .159 










ANGLE OF ATTACK. ALPHA. DEGREES 

FLOW I ELD INTERACTIONS (PITCH 0 
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ATTACK. ALPHA. DEGREES 

INTERACT. TRUE H=I0.29 




OF ATTACK. ALPHA. OEGREES 

D INTERACT. TRUE H=I0.29 YAW SIN.. EPSIL0NM0.E2 
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INTERACT. TRUE M=10.29 
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ANGLE OF ATTACK. ALPHA. DEGREES 
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